Selected studies in bottomonium physics carried out by the BaBar and Belle experiments are presented. They include a study of radiative bottomonium transitions using γ → e + e − conversions done by BaBar, the search for the h b (1P) and h b (2P) states leading to an evidence for the h b (1P) seen by BaBar in ϒ(3S) → π 0 h b decay and to the Belle observation of both the h b (1P) and the h b (2P) in the reaction e + e − → π + π − h b (1P, 2P) from ϒ(5S) data.
Introduction
Bottomonia are the heaviest of thebound states. Decays within the bottomonium family of states occur via π 0 , η, ω or di-pion emission, or by electric dipole transitions or magnetic dipole transitions. Electromagnetic transitions between the energy levels of the bottomonium spectrum can be calculated in the quark model and are an important tool in understanding the internal structure of bb bound states. In particular, the measurement of the hyperfine mass splittings between triplet and singlet P-wave states is of key importance in understanding the role of spin-spin interactions in quarkonium models, and in testing QCD calculations. In the non-relativistic approximation, the hyperfine splitting is proportional to the square of the wave function at the origin, which is expected to be non-zero only for S-wave states (i.e. for L = 0, where L is the orbital angular momentum quantum number of thesystem).
In particular, the mass splitting between the ϒ(1S) and the η b (1S) is a key ingredient in many theoretical calculations. The value measured by BaBar, m(ϒ(1S)) − m(η b (1S)) = 69.3 ± 2.8 MeV/c 2 [1, 2] , and subsequently by CLEO [3] is larger than most predictions based on potential models [4] , but is in reasonable agreement with predictions from lattice calculations [5] . According to ref. [6] , the shift in measured η b (1S) compared to QCD predictions could be explained by the mixing of the η b with a CP-odd Higgs scalar. To test this model, a measurement of the η b width is essential, and was one motivation for the BaBar search for the η b using photon conversions, as described in Sec. 2.
For L = 1, the mass splitting between the spin-singlet ( 1 P 1 ) and the spin-averaged triplet state ( 3 P J ) is expected to be ∆M HF = M( 3 P J ) − M( 1 P 1 ) ∼ 0. The 1 P 1 state of bottomonium, the h b (1P), is the axial vector partner of the P-wave χ bJ (1P) states. Its expected mass, computed as the spinweighted center of gravity of the χ bJ (1P) states [7] , is 9899.87± 0.27 MeV/c 2 . Higher-order corrections might cause a small deviation from this value, but a hyperfine splitting larger than 1 MeV/c 2 might be indicative of a vector component in the confinement potential [8] . The hyperfine splitting for the charmonium 1 P 1 state h c is measured by the BES and CLEO experiments [9, 10, 11] to be ∼0.1 MeV/c 2 . An even smaller splitting is expected for the much heavier bottomonium system [8] .
Both the BaBar [12] and Belle [13] experiments collected data at the narrow ϒ(nS) resonances and above the ϒ(4S) in order to carry out detailed studies in bottomonium spectroscopy 1 .
In this paper, we summarize the results of a study of radiative bottomonium transitions using γ → e + e − conversions done by BaBar, the search for the h b (1P) and h b (2P) states leading to an evidence for the h b (1P) seen by BaBar in ϒ(3S) → π 0 h b (1P) decay [14] and the Belle observation of both the h b (1P) and the h b (2P) in the reaction e + e − → π + π − h b (1P, 2P) from ϒ(5S) data [15] .
Study of radiative bottomonium transitions using γ → e + e − conversions
We summarize the results of a study of radiative transitions in the bottomonium system using the inclusive γ → e + e − energy spectrum from ϒ(3S) and ϒ(2S) decays. The rate of γ → e + e −
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Veronique Ziegler conversion in the detector material, and of the reconstruction of the e + e − pairs is much lower than that for photons reconstructed using the BaBar electromagnetic calorimeter. However, the substantial improvement 2 in energy resolution for photon conversions results in better separation of photon energy lines. The decay ϒ(3S) → γ χ b0,2 (1P) is observed, and precise measurements of the branching fractions for χ b1,2 (2P) → γϒ(2S) and χ b1,2 (1P, 2P) → γϒ(1S) decays obtained. The backgroundsubtracted fit results for the latter are shown in Fig. 1 . The product of branching fractions B(ϒ(nS) → γ χ bJ ) × B(χ bJ → ϒ(1S)) obtained from the fit of Fig. 1 are consistent with and improve upon the current values [7] .
The searches for η b (1S) and η b (2S) states using the converted photon energy spectrum are inconclusive. Over a range of approximately 9974 < m η b (2S) < 10015 MeV/c 2 , we find B(ϒ(3S) → γη b (2S)) < 1.9 × 10 −3 (at 90% C.L.). This value is consistent with, but does not improve upon, the upper limit obtained by CLEO [16] . Due to low efficiency and high background levels, no evidence for ϒ(2S) → γη b (1S) is found. The most significant peaking structure seen in the e + e − center-of-mass energy (E * (γ)) region expected for the ϒ(3S) → γη b (1S) transition, if interpreted as an η b (1S)signal, trends toward recent potential model [17] and lattice [18] predictions. However, the small (< 3σ ) significance of the result is insufficient to measure the η b (1S)mass in the present analysis. Taking advantage of the improved resolution from a converted photon technique to make a definitive measurement of the η b (1S)mass and width will require much more data from future experiments.
The BaBar search for h b (1P) in ϒ(3S) data
The h b (1P) state is expected to be produced in ϒ(3S) decay via π 0 or di-pion emission, and to undergo a subsequent E1 transition to the η b (1S), with branching fraction (BF) B(h b (1P) →
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Veronique Ziegler [19, 20] , while theoretical predictions for the transition ϒ(3S) → π + π − h b (1P) range from ∼ 10 −4 [19] up to ∼ 10 −3 [21] . The CLEO experiment reported the 90% C.L. limit B(ϒ(3S) → π 0 h b (1P)) < 0.27% [22] based on fewer than 0.5 million ϒ(3S) events.
We search for a signal in the inclusive recoil mass distribution against di-pion (m R ) or π 0 (m recoil (π 0 )) candidates.
No h b (1P) signal is seen in the ϒ(3S) → π + π − h b production channel. Assuming the h b mass to be 9.900 GeV/c 2 , we set a 90% C.L. upper limit B[ϒ(3S) → π + π − h b ] < 1.2 × 10 −4 . The branching fraction measurement B[ϒ(3S) → π + π − ϒ(2S)] = (3.00 ± 0.02(stat.) ± 0.14(syst.))% is more precise than the current world average (2.45 ± 0.23)% [7] . Branching fractions 
The Belle observation of the h b (1P, 2P) states from ϒ(5S) data
The Belle Collaboration has collected a large sample of e + e − events at energy corresponding to the ϒ(5S) resonance, which lies above the threshold for production of B s meson pairs, for the primary purpose of studying B s decays. The observation of anomalously large rates for dipion transitions to lower bottomonium states ϒ(5S) → ϒ(nS)π + π − (n = 1, 2, 3) [23] led to the speculation of the existence of an exotic resonance Y b in the vicinity of the ϒ(5S) that might be responsible for the high transition rates [24] . Such a resonance might be an analog, in the bottomo- The measured cross sections relative to the e + e − → ϒ(2S)π + π − cross section are large, indicating an anomalous production rate for the h b (1P) and h b (2P) and suggesting that these states are produced via an exotic process that violates the suppression of heavy quark spin-flip.
